Objective:
TiO 2 is as promising photocatalyst for environmental degradation of organic compounds and solar energy conversion. Commercial titania is a mixture of rutile and anatase phases, and, for as of yet unknown reasons, anatase is the photocatalytically more active form. In contrast to rutile, atomic-scale information on well-characterized anatase surfaces and their chemical properties is virtually absent. The goal of this project was to perform surface science investigations of anatase with the goal to understand, and ultimately control, the surface chemistry underlying its diverse applications.
Achievements:

2.A. Surface Structure of Anatase
We have characterized, using Ultrahigh Vacuum (UHV) Scanning Tunneling Microscopy (STM) and related surface science techniques, all main crystallographic orientations of anatase surfaces.
We have published the first STM study of single-crystalline anatase (ref. 1). Atomically-resolved images of the (101) surface are consistent with a bulk-truncated (1x1) termination.
Step edges run predominantly in [0 1 0], [-1 1 1] , and[-1 -1 1] directions. The surface is stable with very few point defects. Four-fold coordinated Ti atoms at step edges are preferred adsorption sites and allow the identification of tunneling sites in STM.
An STM/LEED study of anatase (100) and (103) was completed (ref.
2). It was found that, contrary to theoretical predictions, this surface does not terminate in a (1x1) structure but forms a (1x3) reconstruction.
In addition to determine the surface crystallography of the systems, common defects such as point defects and step edges were investigated (ref.
2.B. Surface Chemistry of Anatase
We have investigated the interaction of water and methanol with well-defined surfaces of anatase-TiO 2 (101) with temperature programmed desorption (TPD) and x-ray photoelectron spectroscopy (XPS). These experiments were performed at Pacific Northwest National Laboratory (PNNL). The homoepitaxial anatase-TiO 2 (101) thin films were found to be (1x1) terminated by low energy electron diffraction and fully oxidized with only the presence of Ti 4+ by XPS. For water two desorption states were observed in the TPD spectra for submonolayer exposures. The first saturated for a water exposure of ~4.6 x 10 14 molecules/cm 2 with a desorption peak at 250 K and the second saturated at ~9.8 x10 14 molecules/cm 2 with a desorption peak at 190 K. The number of 5-fold coordinated Ti and 2-fold coordinated O sites on the surface are equal with both having concentrations of 5.2 x10 15 sites/cm 2 . The XPS results indicated that the adsorbed water was bound to the surface in a molecular state, with no evidence for dissociation. Higher water exposures led to a desorption peak related to multilayer water which had a desorption temperature of 160 K. The TPD spectra for methanol are more complicated. For methanol two main desorption peaks are observed for submonolayer exposures. The first saturated for a methanol exposure of ~3.9 x 10 14 molecules/cm 2 with a desorption peak at 265 K and the second saturated at ~5.9 x10 14 molecules/cm 2 with a broad desorption peak between 155-190 K. Higher methanol exposures peak resulted in a desorption peak related to multilayer methanol with a desorption temperature of 135 K. Two other high temperature desorption peaks were also observed for all exposures investigated for methanol. These peaks were observed at 425 and 610 K and effectively saturated at sub-monolayer exposures. Furthermore, the O 1s core-level binding energy for water and methanol were found to shift to ~0.75 eV lower binding energy for submonolayer exposures (exposures before multilayer desorption is observed in the TPD spectra). The C 1s core-level binding energy for methanol was found to remain constant in the same exposure regime.
These results were published in Ref. 4 .
C. Doped Anatase
We have used oxygen-plasma-assisted molecular-beam epitaxy (OPA-MBE) to grow Co x Ti 2-x O 2 anatase on SrTiO 3 (001) for x = ~0.01-0.10, and have measured the structural, compositional, and magnetic properties of the resulting films. Whether epitaxial or polycrystalline, these Co x Ti 2-x O 2 films are ferromagnetic semiconductors at and above room temperature. However, the magnetic and structural properties depend critically on the Co distribution, which varies widely with growth conditions. Co is substitutional in the anatase lattice and in the formal oxidation state in ferromagnetic Co x Ti 2-x O 2 . The magnetic properties of OPA-MBE grown material are significantly better than those of analogous pulsed laser deposition-grown material. The results were published in ref. 
